Introduction
The plasmasphere is the region of near-Earth space where geomagnetic flux tubes corotate with the Earth [Nishida, 1966] .
The convection electric field sweeps away the flux tubes outside the plasmasphere, never allowing them to fill to a steady state level of thermal plasma. During a geomagnetic disturbance, the plasmasphere is reduced due to the increased convection, sweeping away the plasma in the flux tubes that were recently corotating. When the convection decreases, these flux tubes return to their corotating trajectories around the Earth, and refilling of the thermal plasma can begin (see reviews by Horwitz [1987] ; Singh and Horwitz [1992] ; and Singh et al. [1994] ).
During refilling after a geomagnetic storm, the ions can flow from the ionosphere into the plasmasphere at supersonic speeds [Banks et al., 1971; Khazanov et al., 1984; Singh et al., 1986; Rasmussen and Schunk, 1988; Guiter and Gombosi, 1990; Gorbachev et al., 1991; Wilson et al., 1992; Guiter et al., 1995] this violates charge neutrality, however, and an electric field appears to force the electrons to move with the ions (see Figure  1 ). This drag on the electrons is also an acceleration mechanism for the ions, which changes the potential structure.
Superthermal electrons are created in the ionosphere by photoionization and impact ionization of atmospheric neutrals. These electrons, which have a highly structured source function and represent a nonthermal tail in the electron distribution function, must be treated kinetically in plasma models [Khazanov et al., 1994] Singh et al., 1994; Guiter et al. 1995] , the topside ionosphere in the auroral region [Min et al., 1993] , and the polar ionosphere [Schunk and Watkins, 1981; Gombosi and Nagy, 1989; Tam et al., 1995] . however, which will now be discussed.
The basic approach to the thermal electron equations used here is the same as before, using the four equations of quasineutrality, zero current, electron momentum, and electron energy to find the four variables n e, u e, Ell, and T t. However, the form of these equations used by Guiter et al. [1995] assumes that the only electron species is the thermal electron population.
In a calculation where the electrons are split into thermal and superthermal populations, both of these components must be taken into account in all four of these equations. (9) and (10), and these four equations provide the basis for the coupling of the two components. Khazanov et al., 1994 , Equation
where F represents field-aligned forces such as that from an electric field, F=-eE,; s is distance along the magnetic field; q is the source term; and (S) represents the collision operators [e.g., Khazanov and Liemohn, 1995, Equations (2) - (6)].
The electric field alters the magnitude of the parallel velocity for a given particle. As can be seen from (11) In Figure 2 , an electron starting with energy E 3 and pitch angle 01 will move to energy E 2 and pitch angle 0 2, while an electron starting at E 2 and 01 will end up at et al. [1992] . The shaded region is the loss cone, in which particles reach the ionospheres, and the striped region is the trapped zone, in which particles mirror before the base of the flux tube.
on the LHS of (I 1), thus having velocity-drift timescales much longer than rs.
To reduce the LHS of (11) 
which is the total energy of the particle. Substituting this into (13) Using (14) and (15), the kinetic equation (11) can be rewritten in the form
where ¢p'=g)(t, E, Ig, s --gt, E, I.to, s) is the differential flux of electrons in the new variable set, Q' and IS') have also been transformed, and E and _ now have the form
As seen in (16) and E on the right-hand side is defined above.
As before, terms of order me/m i and the second derivative with respect to energy will be omitted from the kinetic equation calculations [Khazanov et al., 1994] , and we come to a structure similar to that described by Khazanov and Liemohn [1995] . Chiu and Schulz [1978] also discussed this population in the context of parallel electric fields along auroral field lines.
Numerical Implementation
The other aspects of the numerical implementation, initial conditions, and boundary values of each model are the same as in previous works [Khazanov and Liemohn, 1995; Guiter et al., 1995] . However, the ion heat conduction terms in the thermal plasma model are now treated using a fully implicit scheme in orderto minimize numerical oscillations which occur atshocks when using a Crank-Nicholson scheme. To couple thetwomodels, adriver program isused toalternately calleach model, advancing each solution thesame time increment andtrading therelevant information between thecodes. Thethermal plasma model is started first, advancing half of a time increment, followed byafulltime increment ofthesuperthermal electron model, sothetwomodels leapfrog in time.
Using thismethod, thenonlinearity oftheequations due tothe self-consistent coupling is substituted forthevalues atthe previous timestep orhalf time step. The effects ofthissubstitution areminimized bychoosing a small timestep.
Results
The main purpose of this paper is to demonstrate the effects of self-consistently collisionally and electrodynamically than without the new coupling terms. The maximum speed of the shock is also 1 km/s higher with the new terms at 15 min.
This additional progress of the ions can be explained by the influence of the superthermal electrons on the electric field during the initial stages of the refilling process.
The impact of the superthermal electron terms on the thermal electron population is significant. Figure 6 shows the thermal electron velocity as a function of field-aligned distance at several times, with and without the electrodynamic coupling processes. After 10 s of refilling time (Figure 6a ), the electrodynamic coupling is causing the thermal electrons to stream away from the equator, whereas the thermal electrons stream toward the equator when this process is not included. This is due to the large superthermal electron flux now taken into account in the currentless condition (2). A result such as this could be unstable, but the topic of stability in the thermal and superthermal distributions will be addressed at a later date. 
From section
3, the use of (16) instead of (11) V, the loss cone will only expand to 13.5". Pitch angle distributions are shown after 30 min of refilling at kinetic energies of 5 and 10 eV.
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-------- Therefore the trapped zone is relatively empty for these energies, and since omnidirectional flux is an average over pitch angle, the flux appears to decrease in the equatorial region.
Thus an E-s plane butterfly distribution arises. Let us now examine the superthermal electron equatorial pitch angle distribution development. Plate 2 shows the time dependence of the 5 and 30 eV kinetic energy electrons. Note that the two plots have different color scales and dynamic ranges.
The loss cone fluxes appear to achieve a steady state level within a minute since these pitch angles are connected to the source regions. The trapped zone, however, must have particles scattered into it from the loss cone, and it is clear that this process takes time to complete. It is evident that the 5 eV Figure 9b . This is similar to Figure 7a , showing spectra at 800 km and 4. 
